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Introduction

Hartman Engineering, Inc. (HEI), was originally contracted by the Louisiana 

Department of Natural Resources (LDNR) to provide a cost estimate for engineering 

services needed to provide a feasibility study, preliminary plans, and permit applications 

for LDNR contract No. 2503-00-29, Survey and Engineering Services Bayou Bienvenue 

Pump Station Diversion and Terracing.  Early in the project, LDNR determined that 

providing the services for all of the original tasks were not warranted.  HEI was asked to 

revise their cost estimate to provide a study of the feasibility of constructing the terraces 

and vegetative plantings.  This report will address only the items listed in the revised task 

letter from Mr. Clark Allen dated September 23, 2000. 

 The original study area included Bayou Bienvenue and the wetlands south of the 

Bayou to the Chalmette Hurricane Protection Levee, including the discharge from the 

Orleans Parish-pump station and two pump stations located in St. Bernard Parish.  The 

revised study area would only include the open water areas south of Bayou Bienvenue.

The areas are designated Cells “A”, “B”, “C”, and “D” and are shown in Figure 1.  The 

site consists of two shallow water ponds and an adjoining marsh area south of Bayou 

Bienvenue, and is approximately 2600 acres in area.  The site is bordered by Paris Road 

to the east, the Chalmette Hurricane Protection Levee to the south, and Bayou Bienvenue 

to the north and west.  It is located in both Orleans Parish and St. Bernard Parishes with 

the center at approximate coordinates of 29°59’00”N latitude and 89°58’00” W 

longitude.

 The area under study was once a cypress forest surrounding a marsh prairie.  

Presently the site is primarily open water with some standing dead cypress trees in Cell 

“A” and scattered patches of vegetation located primarily in Cells “C” and  “D” and 

along the southern bank of Bayou Bienvenue.  Submerged cypress stumps and logs are 

prevalent throughout the open water areas.  The intent of the study is to determine the 

feasibility of planting vegetation in Cell “A” and the construction of terraces for 

vegetative plantings in Cells “B”, “C”, and “D”.  The terraces and vegetative plantings 

will maximize the retention of the storm water pumped into the study area by the three 
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pump stations.  The terraces will also slow water movement through the Cells allowing 

suspended solids to settle out. 

Data Collection 

 Professional Services Industries, Inc. (PSI) completed the preliminary 

geotechnical investigation of the subsurface conditions of cells “B”, “C”, and “D” in the 

Bayou Bienvenue project area.  A total of ten borings (B-1 through B-10) to depths of 

twenty-five feet were drilled to evaluate the soil bearing capacity, settlement, slope 

stability, and whether or not in situ material could be used for construction of the 

proposed terraces.  A total of four borings were taken in Cell “B” and three borings in 

both Cells “C” and “D”.  Since there will not be any terraces constructed in Cell “A” no 

soil borings were taken in that area.  The boring depths shown in the soils report are in 

reference to the existing ground surface at boring location.  The number and depths of the 

borings were determined by PSI.  The Geotechnical Engineering Report as well as the 

locations of the borings are included in Appendix A. 

 The near surface soils consist of very soft organic clay or peat with organic clay.  

The soil is believed to have enough bearing capacity to support the proposed terraces.  It 

is believed that the subsoil will experience extensive subsidence and settlement due to the 

weight of the material used to construct the terraces.  The settlement could be as high as 

two and half  (2 ½) feet, with up to 50 percent of the settlement occurring during 

construction.  The slope stability analysis was performed using a side slope of one 

vertical on ten horizontal (1V:10H).  PSI performed the analysis using an initial 

construction elevation of +5.7 feet (NGVD).  Considering that the material used to 

construct the terraces will come from a borrow area adjacent to the terraces, PSI 

recommends that the borrow area be at least 50 feet from the toe of the terraces with the 

borrow having a minimum side slope of one vertical to three horizontal (1V:3H). 

 The upper eight to ten feet of subsoil encountered in the borings consist of very 

soft organic clays, clay, or peat.  The majority of the borrow material from the upper ten 
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feet of the subsoil is not suitable for construction of the proposed earthen terraces.  This 

material will have to be wasted due to the high peat and organic content of these soils.

Any remaining organic clay or clays that may be useable for construction of earthen 

terraces should be placed in horizontal lifts not exceeding one foot and should be 

mechanically tamped to achieve some compaction of the material.  A minimum factor of 

safety of 1.1 was used to calculate the slope stability of the proposed earthen terraces, 

which is believed to be adequate for this type of construction.

 A survey of the existing bottom elevations of Cells, “A”,  “B”, “C”, and “D” was 

performed by Shread-Kuyrkendall and Associates (SKA).  Range lines were established 

at 2000-foot intervals perpendicular to the Chalmette Hurricane Protection Levee.

Elevations were taken at the 500-foot stations along each range line.  The area occupied 

by BFI was not included in the geotechnical investigation or in the elevation survey. 

 The existing ground elevations in the study area are between one-half (+½) foot to 

minus one and half (-1 ½) feet in cell “A”, minus one (-1) foot to minus two and half (-2 

½) feet in cell “B”, and between minus one-half (-½) foot to minus one (-1) foot in cells 

“C” and “D”.  The elevation shots can be seen on the plan sheet located in Appendix B.

All of the ground elevations were obtained using North American Vertical Datum 88 

(NAVD 88). 

 Water elevation information was taken from US Army Corps of Engineers Gage 

76020 Bayou Bienvenue, and was located at the Paris Road Bridge over Bayou 

Bienvenue.  The bridge was replaced in the early 1990s, during which time the gage was 

removed and not replaced.  Therefore, the gage data only covers the years from 1975-

1992.  The gage recorded the water elevation at 8:00 A.M. each day and gage zero was 

feet NGVD 29.  The water surface elevation gage data is limited because there was only 

one reading at 8:00 A.M. each day, this may not accurately reflect the tidal fluctuations 

that occur in the project area.  

 This information was compiled to find the average daily and average monthly 

water elevations over the eighteen-year period.  The graphs of the average water 

elevations for each month are included in Appendix C. The graphs show the daily gage 

reading fluctuations, as well as, the daily and monthly averages.  Figure 2 shows the 

average monthly water elevation in feet NGVD 29.  September was the peak month with 
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an average water elevation of +1.64 feet.  This elevation was used in determining the 

finished crown height of the proposed earthen terraces.  Although the peak water height 

of +1.64 NGVD 29 was used, it may not be the actual highest water elevation. If the peak 

tide or elevation was at different time it was not recorded, because the gage only took one 

reading a day at 8:00 AM.  

 Because the gage is located at the eastern most end of the project area, the gage 

data might not apply accurately to the western most part or Cell “A”.  If the tides were 

primarily driven by wind, the depth of water in Cell “A” may differ from the depths in 

the Cells closer to the gage.  This was not felt to be a significant factor for the feasibility 

study.

 Wind data was obtained from the Louisiana Office of State Climatology wind 

gage at the New Orleans International Airport (MSY).  Standard National Weather 

Service (NWS) wind instruments at a height of twenty feet above the surface were used 

to collect data over the period from 1961-1980.  The average maximum two minute 

sustained wind was found to be 37.2 miles per hour, with a mean speed of 8.3 miles per 

hour.  The wind varies over the project area significantly, but primarily the winds are 

northerly and southerly.  The seasonal wind roses and the normals, means, and extremes 

can be found in Appendix D.  The wind data from the New Orleans Lakefront Airport 

(NEW) was not considered because it was recorded over a shorter period, roughly four 

years.  In addition, the Lakefront Airport is not a primary collection site, so the data is not 

as accurate.  If the data from the Lakefront Airport were used it would show more of a 

northerly component, which is one of the primary components of the New Orleans 

Airport as well.  The depth of water varies significantly over the project area and is 

effected more by wind action than tidal action.  This varying depth could limit the 

effectiveness of the vegetative plantings on the terraces. 

 LDNR specified that Spartina alterniflora (smooth cordgrass) be used for the 

plantings on the proposed terrace slopes and in Cell “A”.  Smooth cordgrass prefers tidal 

conditions, with an upper/ lower elevation range of one inch to one foot of submergence.  

Smooth cordgrass cannot be chronically inundated, but can handle short-term inundation 

for three to fours days.  The smooth cordgrass would be planted one year after the 

construction of the terraces and allowed to migrate over the slopes of the terraces. 
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Design Feasibility

 The first step in the feasibility study was to determine the top of terrace elevation.  

The task letter asked if the existing material could be stacked to one foot above mean low 

water.  Since the tide gage used had only one reading a day, a mean low water elevation 

and mean high water elevation could not be determined.  Therefore the water elevation 

used was the average for each month. The lowest monthly average water elevation is July 

at +0.81 feet. If the terraces were built to one foot above this elevation the top would be 

at +1.81 feet.   The tide data and the graphs in Appendix C show that the water surface 

will exceed this elevation frequently by as much as one foot for as long as one week.  

Smooth cord grass will not grow in these water depths when submerged for this length of 

time.  The area where the terraces will be placed is open water subject to varying water 

elevations and wave conditions.  It was determined that the initial terrace elevation would 

be established using the maximum wave height for the month with the highest average 

monthly water elevation.  The highest average monthly water elevation is September with 

an elevation of +1.64 NGVD 29.  The initial wave height was established using the 

equation for wave height from the Federal Emergency Management Agency, Coastal 

Construction Manual 

d/h = 1.28 

                                           Where        h = maximum wave height 

                                                             d = depth of water 

The depth of water was determined using the lowest average bottom elevation in 

Cell “B” which is –2.5 NAVD 88.  Since the two sets of data were in different datum, the 

VERTCON program was used to determine the difference in the two datum.  The 

elevation deference between NGVD 29 and NAVD 88 at this latitude and longitude is 

approximately 0.20 feet.  The NAVD 88 elevations would be 0.20 feet higher when 

converted to NGVD 29.  Since this is a feasibility study and the field data taken was 
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minimal, the elevation difference was not judged to be significant and was not taken into 

account.

 Using a bottom elevation of –2.5 feet and a water surface elevation of +1.64 feet, 

the water depth is 4.14 feet.  The wave equation gives a total wave height of  3.23 feet. 

4.14’/h  =  1.28 

h  =  3.23’ 

½ wave height  =  1.62’ 

Taking half of the wave height and adding it to the average monthly high water elevation 

of 1.64 feet the elevation of the maximum wave is 3.26 feet.  An initial top of terrace 

elevation of 3.75 feet was established allowing for approximately six inches above the 

maximum wave height.  This elevation was used for the initial terrace layouts and the 

geotechnical investigation. 

Based on the existing bottom elevation (-2.5 feet) and the top of terrace elevation 

(3.75 feet) the terrace height will be approximately 6.25 feet above the existing bottom.  

The initial construction height of the terraces will need to be 2 feet higher to allow for 

settlement.  This means that the terraces will need to be built 8.25 feet above the existing 

bottom to allow for settlement and maintain the desired final elevation over the life of the 

terraces.  The existing material that will be used for construction will require the terraces 

to be built with a 1V:10H side slope. The geotechnical report also requires that a 50 foot 

berm be used between the toe of the terrace and the top of the borrow area to ensure the 

stability of the terrace and the top of the borrow area.  If a 15-foot terrace top is used as 

discussed in the Proposed Project Information Sheet, the total terrace width from toe of 

terrace to toe of terrace is 179 feet.  A typical section of the terrace and borrow area is 

shown in Figure 3.  Using this typical section, several different layouts for the terraces 

were investigated.  All of the proposed layouts are shown in Appendix E.  Orientations 2 

and 3 were rejected for further study because the distance between the ends of each were 

too great to hinder the movement of water between them which is one of the objectives of 

the terraces.  It was felt that these layouts would not maximize the terrace length for a 

given area. Also, the layouts might be too intricate to construct and this would raise the 
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cost of construction. Orientation 1 was used to determine the maximum linear footage 

that could be constructed in Cells “B”, “C”, and “D”.  Figure 4 shows the layout of 

Orientation 1 in these Cells.  The only restrictions of the layout were that there would be 

no terrace construction over the Bridgeline Gasline or on top of existing vegetation.  

Using the layout shown in Figure 4 approximately 90,000 linear feet of terraces could be 

constructed in open water.  This amount of terrace was achieved by putting a terrace 

every where there appeared to be open water. The actual footage of terrace that could be 

constructed would be less than this length, because of access problems in Cells “C” and  

“D” where there is existing vegetation. While Orientation No. 1 comes closest to 

achieving the 100,000 feet of terrace, it is constructed by dredging a straight channel 

between the terraces.  The channel depth will vary from 4 feet to 14 feet depending on 

whether the unsuitable material is hauled from the site or dumped back into the borrow 

area. The orientation of the terraces would allow for a longer fetch and a greater water 

depth for wind driven waves which would increase erosion of the terraces.  The 

advantages in terrace length achieved with this orientation are negated by the length and 

depth of channel required for construction. 

Figure 3 also shows the cubic yards of material required to construct one linear 

foot of terrace.  This number does not include the top 10 feet of material that is not 

suitable for construction of terraces and allows for a 30% spillage or waste factor during 

construction. The terraces will require approximately 38.3 cubic yards of material per 

linear foot to build, or 3,447,000 cubic yards for 90,000 feet of terrace.

    The Proposed Project Information Sheet assumed that the terraces could be 

constructed by a marsh buggy using a borrow area adjacent to the proposed terraces.

This will not be possible for the Bayou Bienvenue project.  The top 10 feet of the existing 

material is not suitable for building terraces, it will have to be removed and disposed of 

outside the terrace and berm area.  This presents a problem of what to do with the 

material.  It can not be placed on the berm because of the danger of causing the borrow 

side slope to fail, which in turn will cause a failure of the terrace side slope.  It will need 

to be temporarily placed on barges and dumped back into the borrow once the suitable 

material is removed.  Because of the width of the terraces and the borrow area, marsh 

buggies do not have the reach to move the material from the borrow area to the terraces.  
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The material will need to be placed on barges and moved to the terrace location and 

unloaded to build the terraces.  This means that all the material will have to be handled 

twice.  In addition, during periods of low water a floatation canal for the barge will need 

to be dug, or construction would have to be suspended.

A dragline could be used to construct the terraces and might have the reach to 

throw the material from the borrow area to the terraces, but a flotation canal will have to 

be dug for the barge so that it could operate at all water levels.  Once the barge is in Cell 

“B” the borrow area could be used as the floatation canal. 

 Estimates on construction cost were limited to the cost of excavating and moving 

the borrow material per cubic yard.  Marsh buggy contractors indicated that for 

estimating purposes a marsh buggy would cost approximately $1500.00 per day to 

operate, and it could move approximately 300 cubic yards per day, giving a per cubic 

yard cost of $5.00.  This cost is conservative because it is based on excavation only.  Due 

to the large number of cypress logs and stumps in the top 10 feet of material, the cost per 

cubic yard for excavation could be much higher. 

 This study was also tasked with determining whether smooth cordgrass could be 

planted in Cell “A” without constructing terraces.  The existing elevations shown in 

Appendix B, for Cell “A” vary between +0.5 feet and –1.3 feet, with the majority of the 

Cell being between –0.5 feet and –1.0 feet, (NAVD 88).  Using the month with the lowest 

average water elevation (July, elevation of +0.81 feet, NGVD 29), the water depth will 

vary between 1.1’ and 1.4’ allowing for the different datum.  Smooth cordgrass can 

tolerate water depths of up to one foot of submergence.  This means that the success rate 

for the plantings would be minimal because the average standing water depth would be 

more than the plants can tolerate. 

Recommendations and Conclusions 

At the initial meeting for this study, it was stated that the goal for the project 

would be to construct 100,000 linear feet of terraces in Cells “B”, “C”, and “D”. This 
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work was estimated to cost approximately $335,000.00 in the Proposed Project 

Information Sheet, which did not include the cost of any vegetative plantings.  These two 

objectives, linear footage of terraces constructed and earthwork, costs were used to 

determine the feasibility of the project. 

After reviewing the geotechnical data, existing bottom elevation survey, the tide 

data, and the discussion in the Design Feasibility section, only 90,000 linear feet of 

terrace could be constructed in Cells “B”, “C”, and “D”.  This would require the 

excavation and placing of 3,447,000 cubic yards of material.  Based on a price of $5.00 

per cubic yard, the cost for constructing the terraces would be $17,235,000.  The cost of 

$5.00 per yard for excavating and placing the material is a low estimate because most of 

the material will need to be handled twice during construction and the large number of 

submerged cypress stumps and logs located in the Cells which will hinder construction.  

Also, this amount does not include the cost to excavate the top 10 feet of borrow, place it 

on barges, and dump back into the borrow after the terrace material is excavate. 

Using the parameters set out in the Proposed Project Information Sheet and 

outlined in the task letter for the study, the project does appear feasible based on the 

criteria outlined.  Do to the existing soil conditions and limitations, the required 100,000 

linear feet of terraces can not be constructed.  The cost for the terraces that can be 

constructed exceeds the original estimate for the terrace work.  It also exceeds the total 

project budget including the outfall channel for the pump station, boat bay with weir, 

earthen plugs, and vegetative plantings.  Therefore, we do not think the work is feasible 

based on the original project parameters. 

 Even if the terraces were built with a zero top width and only one foot above the 

low water elevation, the cost would exceed the original estimate.  The initial top of 

terrace elevation would have to be built at  +3.81 feet to allow for settlement.  Using this 

terrace section, would still involve the excavation and placement of approximately 19.2 

cubic yards of material per linear foot of terrace.  To construct 90,000 linear feet of 

terraces would require 1,728,000 cubic yards of excavation.  At the conservative unit 

price of $5.00 per cubic yard, the excavation would cost $8,640,000.00.  Again, this does 

not include any cost for handling the unsuitable material in the top 10 foot of the borrow.
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This price would also exceed the  $335,000.00 cost outlined in the Proposed Project 

Information Sheet for construction of the terraces.   

 We do not feel that this project is feasible because of the cost required to 

construct the terraces.  The 100,000 feet of terraces proposed to be built can not be 

achieved.  Although, Orientation No. 1 would provide 90,000 feet of terraces by dredging 

a channel between the terraces that will be approximately 179 feet wide and vary from 4 

feet to 14 feet deep.  This channel would allow the same north-south wave action that 

now exists.  The depth of the channel will increase the amount of sediment required to 

build the marsh between the terraces.  These disadvantages out weigh the benefits that the 

terraces would provide. 






























































